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Highlights
x Anewmethodisprovidedtocalculatetheexternalcostsofroadtrafficnoise.
x Themethodusesnoiseweightingfactorsforvehicleclassesandtimesoftheday.
x Improvedweightingfactorsaredevelopedforvehicleclassesandtimesoftheday.
x ThesefactorscanberegardedassuitabletobegeneralizedtoanyroadinEurope.
Abstract
ThelatestamendmentoftheEurovignetteDirectiveallowsEUMemberStatestolevyinfrastructurecharges
(i.e.roadtolls)inordertocompensatefortheexternalcostsofnoisecausedbyheavygoodsvehicles(HGVs).To
thisend,itprovidesamethodforthecalculationoftheexternalcostsofroadtrafficnoise.Thismethodrequires
the use of different weighting factors according to the vehicle class and time of the day. However, the
EurovignetteDirectivedoesnotprovide specificvaluesorguidelines tocalculate theseweighting factors.For
thisreason,weightingfactorsbothfordifferentvehicleclassesandfordifferenttimesofthedayaredeveloped
inthispaper.Thesefactorsaremorereliablethanthosefoundinearlierstudies,astheyarehighlydifferentiated
tobetteraccount for the influenceofkey costdrivers,namelyvehicle class, speedand timeof theday.The
methodoftheEurovignetteDirectivefocusesonthechargingofHGVsfordayandnight.Analternativemethod
isdevised toextend the calculationofnoise costs toother vehicle classes and timeperiodsby applying the
weightingfactorsdevelopedherein.
Keywords:Roadtrafficnoise;Externalcosts;EurovignetteDirective;Weightingfactors;Strategicnoisemaps
1.Introduction
Theestimationand internalisationofexternalcostsof transporthasbeenan important issue in transport
research and policy in Europe for many years. The European Commission addressed the matter of cost
internalisationinseveralstrategypapers(EuropeanCommission,1995,1998,2001,2006a,2008,2011),inwhich
it stated that transport pricing should be based onmarginal social cost (i.e. the social cost caused by an
additional transportunit).Pricing instruments for the internalisationofexternalcostsof transporthavebeen
implemented through EUDirectives. The soͲcalled EurovignetteDirective (European Commission, 1999)was
initiallyadoptedtoallowEUMemberStatestochargeheavygoodsvehicles(HGVs)fortheuseofmotorwaysto
coverconstruction,maintenanceandoperationcosts. Itwas lateramended (EuropeanCommission,2006b)to
extend the charges toall roads in the transͲEuropean roadnetworkand toallowa limiteddifferentiationof
chargesaccording to theamountofcongestionandcertainenvironmentalcriteria.This firstamendmentalso
required todevelopa reliablemodel for theassessmentofallexternal costs to serveas thebasis for future
calculationsofinfrastructurecharges.Tothisend,theEuropeanCommissioncommissionedtheIMPACTproject
(Maibachetal.,2008),whichprovidedanoverviewofthestateoftheartandbestpracticeintheestimationof
externalcostsoftransport.BasedonthefindingsoftheIMPACTproject,anewamendmentoftheEurovignette
Directivewasrecentlyadopted(EuropeanUnion,2011).ThislatestrevisionoftheEurovignetteDirectiveallows
EUMemberStatestochargeHGVsforthecostsofairpollutionandnoise,andprovidesmethodsforcalculating
both environmental costs. In the case of noise, the calculationmethod provides average costs per vehicleͲ
kilometre.Theseaveragenoisecostsaredifferentiatedaccordingtoasetofkeycostdrivers,namely location,
vehicleclassandtimeoftheday.Thelocationoftheroadsistakenintoaccountbydistinguishingtwotypesof
road:suburbanroads,whicharesubjecttohighernoisecostsastheyarelocatedclosetopopulatedareas;and
interurban roads,whicharesubject to lowernoisecostsas theyare located insparselypopulatedareas.The
calculationmethodrequirestheuseofweightingfactorsfordifferentvehicleclassestoaccountfordifferences
innoisecostsbetweendifferentvehicleclasses.Theuseofweightingfactorsfordifferenttimesofthedayisalso
requiredtodistinguishbetweennoisecostsfordayandnight.
The latest revision of the Eurovignette Directive (European Union, 2011) shows some limitations.Most
notably, itreferstotheuseofweighting factors fordifferentvehicleclassesanddifferenttimesoftheday in
ordertocalculatedifferentiatednoisecostsbyvehicleclassandtimeoftheday,butitdoesnotprovidespecific
valuesorguidelines tocalculate these factors.Moreover,eachEUMemberStatecanonlydetermineasingle
specific charge for each combination of vehicle class, type of road and time period. The method of the
EurovignetteDirectiveappliesatopͲdownapproachtocalculatethenoisecostsfortwodifferenttypesofroad.
Thisapproachusesaggregateddatafromalargesetofroadsofthesametypetocomputethetotalnoisecosts,
whichare thendividedby the totalamountof trafficon these roads toobtain theaveragenoisecosts tobe
appliedtoallsuchroads.AbottomͲupapproachmightbepreferabletoassessthenoisecostsofeachparticular
road,orat leastmoredetaileddifferentiationshouldbemadebetween roads to take intoaccountotherkey
driversinfluencingnoisecosts.
Thispaperprovidesdifferentiatedandreliableweightingfactorstocalculatetheexternalcostsofroadtraffic
noise incompliancewith theEurovignetteDirective (EuropeanUnion,2011).Themethodof theEurovignette
Directive focuseson thechargingofHGVs fordayandnight.Analternativemethod isdevised toextend the
calculationofnoisecoststoothervehicleclassesandtimeperiodsbyapplyingtheweightingfactorsprovided
herein.A case study ispresented inorder to illustrate theapplicationof theextendedmethod.Theaverage
noise costsper vehicleͲkilometreby vehicle classand timeof thedayare thus calculated for threedifferent
Spanishmotorways.
2.Materialandmethods
Themethodforthecalculationoftheexternalcostsofroadtrafficnoise ispresentedbelow,aswellasthe
inputsthatserveasthebasisforthecalculations.
2.1.ExternalcostsofroadtrafficnoiseandtheEurovignetteDirective
TheEurovignetteDirective(EuropeanUnion,2011)providesamethodtocalculatethenoisecostschargeable
toHGVsaccordingtothe typeofroad (suburbanand interurban)andtimeperiod (dayandnight).Underthis
method,noisecostsarecalculatedbyapplyingthefollowingformulas:
ܰܥ ௝ܸǡௗ௔௜௟௬ ൌ ݁ ή
σ ܰܥ௝௞ ή ܱܲ ௞ܲ௞
ܹܣܦܶ 
(1)
ܰܥ ௝ܸǡௗ௔௬ ൌ ௗ݂௔௬ ή ܰܥ ௝ܸǡௗ௔௜௟௬ (2)
ܰܥ ௝ܸǡ௡௜௚௛௧ ൌ ௡݂௜௚௛௧ ή ܰܥ ௝ܸǡௗ௔௜௟௬ (3)
whereNCVj isthenoisecostofoneHGVonroadtype j(in€/vehicleͲkm),NCjk isthenoisecostperdayper
personexposed tonoise levelk from road type j (in€/person),POPk is thepopulationexposed todailynoise
level k per kilometre of road (in person/km),WADT is theweighted average daily traffic (in passenger car
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totalnoisecosts.Trafficdata(volume,compositionbyvehicleclass,andspeed)arethenrequiredtoallocatethe
totalnoisecoststoindividualvehiclesofdifferentclasses.
Allofthetrafficandnoiseexposuredatarequiredbythecalculationmethodarepubliclyavailablethrough
strategic noise maps drafted under the Environmental Noise Directive (European Commission, 2002). EU
MemberStateswererequiredtomakestrategicnoisemapsforalltheirmajorroads(i.e.roadswithmorethan
threemillionvehiclesperyear)before30June2012.The informationfromthestrategicnoisemapshadtobe
submitted to theEuropeanCommissionwithinsixmonthsof theabovedate.Thedata reportedso farbyEU
MemberStatesareavailableonthewebͲbasedpublicinformationsystemsReportnet–EIONET1andNOISE2.
2.3.Noisecostsperpersonexposed
AnextensivereviewofstudiesontheexternalcostsofroadtrafficnoisewasperformedwithintheIMPACT
project(Maibachetal.,2008).Basedonthisreview,thevaluesfromtheHEATCOproject(Bickeletal.,2006)for
thenoisecostsperpersonexposedperdBAwererecommended.Thesecostscomprisethewillingnesstopayfor
reducingannoyanceandthequantifiablecostsofhealtheffects.TheHEATCOprojectprovidescountryͲspecific
valuesforthecostsperyearperpersonexposedforallcountriesoftheEUͲ25andSwitzerlandfortheyear2002.
2.4.Weightingfactorsfordifferentvehicleclasses
The totalnoise costsareallocated to individualvehiclesofdifferent classesbasedon their corresponding
sharesintotalnoiseemissions,estimatedviatrafficvolumesbyvehicleclass.Sincevehiclesemitdifferentnoise
levelsdependingon their class,weighting factors fordifferent vehicle classesmustbeapplied to correct for
differences innoiseemissionsbetweenclasses.TheEurovignetteDirective (EuropeanUnion,2011)referstoa
weightingfactorofnomorethan4betweenHGVsandpassengercars,butdoesnotprovidespecificvaluesor
guidelines to calculate it. An internationally agreed set ofweighting factors is lacking, and studies applying
weightingfactorshaveshownlargedifferencesamongthem(Maibachetal.,2008).TheEuropeanConferenceof
MinistersofTransport(1998)usedaweightingof10:10:1fortherelativenoisenuisancefromHGVs,busesand
cars,while theOrganisation forEconomicCooperation andDevelopment (OECD/INFRAS/Herry,2003)used a
weightingof3:2.5:1.The IMPACTproject (Maibachetal.,2008) recommendsusing theweighting factors for
differentroadvehicleclassesprovidedbyCEDelft(vanEssenetal.,2004).TheseareshowninTable1.
Table1
Weightingfactorsfordifferentvehicleclasses(Source:vanEssenetal.,2004).
Vehicleclass Urbanroads(50km/h) Otherroads(80km/horhigher)
Passengercarpetrol 1.0 1.0
Passengercardiesel 1.2 1.0
PassengercarLPG 1.0 1.0
Moped 9.8 3.0
Motorcycle 13.2 4.2
Bus 9.8 3.3
Van 1.5 1.2
HGVsolo<12tonsGVW 9.8 3.0
HGVsolo>12tonsGVW 13.2 4.2
HGVwithtrailer 16.6 5.5
TheweightingfactorsinTable1showsomelimitations.Thesefactorswerecalculatedfromnoisereference
values for light, medium heavy and heavy vehicles presented in the Dutch instruction for measuring and

1Reportnet–EIONET(EuropeanEnvironmentInformationandObservationNetwork):http://cdr.eionet.europa.eu
2NOISE(NoiseObservationandInformationServiceforEurope):http://noise.eionet.europa.eu
calculating road traffic noise (VROM, 2002). Factors for mopeds and motorcycles were based on expert
assumptions.These factorsare thereforespecific for theNetherlands,while factors for theaverageEuropean
roadvehicleswouldbepreferable.Moreover,althoughdifferentfactorsareprovidedforawiderangeofvehicle
classes,suchfactorsareonlydifferentiatedaccordingtotwotypesofroad:urbanroads,wherethespeedis50
km/h;andotherroads,wherethespeed is80km/horhigher.Theratiobetweenthenoiseemission levelsof
differentvehicleclassescanvarysignificantlydependingonthespeedofeachvehicleclass,whichmaynotbe
the same for all vehicle classes, evenon the same road.Hence,moredifferentiated and accurateweighting
factors that take into account various speedswould bemore convenient. These should be based on noise
emissionvaluesrepresentativeofthevehiclecharacteristicsoftheaverageEuropeanfleet.
2.5.Weightingfactorsfordifferenttimesoftheday
Nuisance due to noise exposure varies depending on the time of the day. To take this cost driver into
account,theEurovignetteDirective(EuropeanUnion,2011)establishestheuseofweightingfactorsfordayand
nightperiods.However, itdoesnotprovidespecificvaluesorguidelinestocalculatethesefactors.Timeofthe
dayisonlyconsideredinafewstudiesestimatingmarginalnoisecostsfortransport,suchastheUNITEproject
(Bickeletal.,2003;Nashandpartners,2003)orstudiesbyINFRAS/IWW(Schreyeretal.,2004)andbytheSwiss
AgencyfortheEnvironment,ForestsandLandscape(MüllerͲWenkandHofstetter,2003).Duetothelogarithmic
natureoftheunittypicallyusedfornoise(i.e.thedecibel),marginalnoisecostsaresensitivetoexistingtraffic
volumes; if the existing traffic volume ishigh, addingone extra vehiclewill result in a small increase in the
existingnoiselevels,andviceversa.Sincestudiesthatestimatemarginalnoisecostsarebasedonspecificcase
studiesandmarginalnoisecostsarehighlydependentonthetrafficsituation,substantialdifferenceshavebeen
foundbetweentheresultsofthedifferentstudies(Maibachetal.,2008).Consequently,theratiosbetweenthe
marginalnoisecostsfordifferenttimesoftheday,whichcanbeobtainedfrommarginalcoststudiesbasedon
specifictrafficsituations,arehardlytransferabletootherEuropeanroads.Thisjustifiestheneedfordeveloping
weightingfactorsfordifferenttimesoftheday,whichshouldbeapplicabletoanyroadinEurope.Theseshould
preferablybedifferentiatedaccordingtothreetimeperiods,namelyday,eveningandnight.
3.Developmentofimprovedweightingfactors
Thissectiondealswiththetheoreticaldevelopmentofweightingfactorsforthecalculationoftheexternal
costsof road trafficnoise. The approach fornoise cost allocationusedhere as thebasis fordeveloping the
weightingfactorsisfirstpresented.Thedevelopmentofweightingfactorsbothfordifferentvehicleclassesand
fordifferenttimesofthedayisthenexplainedandmathematicalexpressionsforthesefactorsareprovided.
3.1.Approachfornoisecostallocation
Thetotalnoisecostsarecalculatedasafunctionofthepopulationexposedtodailynoise levels,whichare
measuredby thenoise indicator Lden (seeEq. (4)).This indicatoruses aweightednoisemeasure to take the
impactoftimeofthedayintoaccount;eveningnoisecarriesapenaltyof5dBAandnightnoisecarriesapenalty
of10dBA.Thesenoiselevelsrelatetosoundpressurelevelsmeasuredatthepositionofthereceivers.Because
noise exposure levels are directly caused by noise emissions from traffic, the total noise costs should be
allocated to individual vehicles of different classes in each time period based on their shares in total noise
emissions,butalsoconsideringtheweightednoisemeasurementionedabove.Tothisend,adayͲeveningͲnight
noiseemission level(LW,den) isassumedhere.LW,dencanbedefinedbythesameformulaasLdenbutusingsound
power levelsemittedbythetrafficduringeachtimeperiod insteadofsoundpressure levelsatthepositionof
the receivers.Theequivalentsoundpower levelperunit lengthasemittedbya flowofvehiclesof thesame
classiduringatimeperiodT(LW,T,CATi,indBA/m)canbecomputedasfollows(Kephalopoulosetal.,2012):
ܮௐǡ்ǡ஼஺்௜ ൌ ܮௐǡ଴ǡ஼஺்௜ ൅ ͳͲ ή  ቆ
்ܳǡ஼஺்௜
ͳͲͲͲ ή ݒ ்ǡ஼஺்௜
ቇ (5)
whereLW,0,CATiistheinstantaneoussoundpowerlevelemittedbyasinglevehicleoftheclassi(indBA),QT,CATi
isthenumberofvehiclesoftheclassipassingperunittimeduringthetimeperiodT(inveh/h),andvT,CATiisthe
average speed of the vehicle flow of the class i during the time period T (in km/h). LW,0,CATi values can be
calculatedwithatrafficnoiseemissionmodel(e.g.CNOSSOSͲEU(Kephalopoulosetal.,2012))accordingtoaset
ofinputvariables,likevehicleclass,speedandsoforth.
TheequivalentsoundpowerlevelcausedbythetotaltrafficduringatimeperiodT(LW,T,indBA/m)canthen
becalculatedthroughthelogarithmicsumofthesoundpowerlevelsassociatedwiththeflowsofthedifferent
vehicleclasses.Thesumofequivalentsoundpowerlevelsiscomputedasfollows:
ܮௐǡ் ൌ ͳͲ ή  ൬෍ ͳͲ
௅ೈǡ೅ǡ಴ಲ೅೔
ଵ଴
௜
൰ (6)
Thedefinitionof thenoiseemission level LW,den togetherwith theabove formulas constitute thebasis for
noisecostallocationtoindividualvehiclesofdifferentclassesineachtimeperiod.However,eventhoughsound
isusuallymeasuredindecibels,thesoundpowerlevelisnottherightmeasuretoconductnoisecostallocation.
Instead,thesoundpowerlevelvaluesmustbetranslatedfromthelogarithmicunitdecibelintoanenergyunit
thatcanbe linearlydisaggregated.Themathematical relationshipbetween the soundpower level indecibels
andthesoundpowerinwattsisgivenbythefollowingformula:
ܮௐ ൌ ͳͲ ή  ቆ
ܹ
௥ܹ௘௙
ቇ (7)
whereLW isthesoundpower level indecibels,W isthesoundpower inwattsproducedbythesource,and
Wrefisareferencesoundpowerof10Ͳ12watts.
Thesoundpower levelLW,dencanbeconvertedtosoundpowerthroughtherelationship inEq.(7).ThedayͲ
eveningͲnightsoundpower(Wden,inW/m)isthusexpressedasfollows:
ௗܹ௘௡ ൌ
ͳʹ
ʹͶ ή ௗܹ௔௬ ൅
Ͷ
ʹͶ ή ͳͲ
ହ
ଵ଴ ή ௘ܹ௩௘௡௜௡௚ ൅
ͺ
ʹͶ ή ͳͲ
ଵ଴
ଵ଴ ή ௡ܹ௜௚௛௧ (8)
whereWday,WeveningandWnightare the soundpower for theday,eveningandnightperiods (inW/m).The
soundpowerWTforeachtimeperiodT(day,eveningandnight)canbeobtainedbysubstitutingEq.(7)intoEq.
(6)andEq.(5),whichresultsasfollows:
்ܹ ൌ ෍ ்ܹǡ஼஺்௜ ൌ෍ ଴ܹǡ஼஺்௜ ή
்ܳǡ஼஺்௜
ͳͲͲͲ ή ݒ்ǡ஼஺்௜௜௜
 (9)
whereWT,CATi is the soundpowerperunit lengthemittedbya flowofvehiclesof the class i for the time
periodT(inW/m)andW0,CATiistheinstantaneoussoundpoweremittedbyasinglevehicleoftheclassi(inW).
Atthispoint,noisecostallocationcanbeconductedonthebasisofthesharesofthe individualvehiclesof
differentclasses foreach timeperiod in totalnoiseemissions,whichareexpressed through thedayͲeveningͲ
nightsoundpowerWden.Thetotalnoisecostscanfirstbeallocatedtothedifferenttimeperiodsasfollows:
ܰܥௗ௘௡ ൌ ܰܥௗ௔௬ ൅ ܰܥ௘௩௘௡௜௡௚ ൅ ܰܥ௡௜௚௛௧ (10)
ܰܥௗ௔௬ ൌ
ͳʹ
ʹͶ ή ௗܹ௔௬
ௗܹ௘௡
ή ܰܥௗ௘௡ (11)
ܰܥ௘௩௘௡௜௡௚ ൌ
Ͷ
ʹͶ ή ͳͲ
ହ
ଵ଴ ή ௘ܹ௩௘௡௜௡௚
ௗܹ௘௡
ή ܰܥௗ௘௡ (12)
ܰܥ௡௜௚௛௧ ൌ
ͺ
ʹͶ ή ͳͲ
ଵ଴
ଵ଴ ή ௡ܹ௜௚௛௧
ௗܹ௘௡
ή ܰܥௗ௘௡ (13)
whereNCden,NCday,NCeveningandNCnightarethetotalnoisecostsperdayandkilometreofroadduringthedayͲ
eveningͲnight,day,eveningandnightperiods,respectively.
Thetotalnoisecostsforeachtimeperiodcanthenbeallocatedtotheflowsofthedifferentvehicleclassesas
follows:
ܰܥௗ௔௬ǡ஼஺்௜ ൌ
ௗܹ௔௬ǡ஼஺்௜
ௗܹ௔௬
ή ܰܥௗ௔௬ ൌ
ͳʹ
ʹͶ ή ௗܹ௔௬ǡ஼஺்௜
ௗܹ௘௡
ή ܰܥௗ௘௡ (14)
ܰܥ௘௩௘௡௜௡௚ǡ஼஺்௜ ൌ
௘ܹ௩௘௡௜௡௚ǡ஼஺்௜
௘ܹ௩௘௡௜௡௚
ή ܰܥ௘௩௘௡௜௡௚ ൌ
Ͷ
ʹͶ ή ͳͲ
ହ
ଵ଴ ή ௘ܹ௩௘௡௜௡௚ǡ஼஺்௜
ௗܹ௘௡
ή ܰܥௗ௘௡ (15)
ܰܥ௡௜௚௛௧ǡ஼஺்௜ ൌ
௡ܹ௜௚௛௧ǡ஼஺்௜
௡ܹ௜௚௛௧
ή ܰܥ௡௜௚௛௧ ൌ
ͺ
ʹͶ ή ͳͲ
ଵ଴
ଵ଴ ή ௡ܹ௜௚௛௧ǡ஼஺்௜
ௗܹ௘௡
ή ܰܥௗ௘௡ (16)
whereNCday,CATi,NCevening,CATiandNCnight,CATiarethenoisecostsperdayandkilometreofroadforthevehicle
flowoftheclassiduringtheday,eveningandnightperiods,respectively.
Finally,theaveragenoisecostspervehicleͲkilometrebyvehicleclassandtimeofthedaycanbeexpressedas
afunctionofthetotalnoisecostsasfollows:
ܰܥ ௗܸ௔௬ǡ஼஺்௜ ൌ
ܰܥௗ௔௬ǡ஼஺்௜
ͳʹ ή ܳௗ௔௬ǡ஼஺்௜
ൌ
ͳ
ʹͶ ή ௗܹ௔௬ǡ஼஺்௜
ܳௗ௔௬ǡ஼஺்௜ ή ௗܹ௘௡
ή ܰܥௗ௘௡ (17)
ܰܥ ௘ܸ௩௘௡௜௡௚ǡ஼஺்௜ ൌ
ܰܥ௘௩௘௡௜௡௚ǡ஼஺்௜
Ͷ ή ܳ௘௩௘௡௜௡௚ǡ஼஺்௜
ൌ
ͳ
ʹͶ ή ͳͲ
ହ
ଵ଴ ή ௘ܹ௩௘௡௜௡௚ǡ஼஺்௜
ܳ௘௩௘௡௜௡௚ǡ஼஺்௜ ή ௗܹ௘௡
ή ܰܥௗ௘௡ (18)
ܰܥ ௡ܸ௜௚௛௧ǡ஼஺்௜ ൌ
ܰܥ௡௜௚௛௧ǡ஼஺்௜
ͺ ή ܳ௡௜௚௛௧ǡ஼஺்௜
ൌ
ͳ
ʹͶ ή ͳͲ
ଵ଴
ଵ଴ ή ௡ܹ௜௚௛௧ǡ஼஺்௜
ܳ௡௜௚௛௧ǡ஼஺்௜ ή ௗܹ௘௡
ή ܰܥௗ௘௡ (19)
whereNCVday,CATi,NCVevening,CATiandNCVnight,CATiaretheaveragenoisecostspervehicleͲkilometreforavehicle
oftheclassiduringtheday,eveningandnightperiods,respectively.
3.2.Weightingfactorsfordifferentvehicleclasses
Trafficvolumesbyvehicleclasscanbeusedtoallocatethetotalnoisecoststoindividualvehiclesofdifferent
classes.Weightingfactorsfordifferentvehicleclassesmustbeappliedtothecorrespondingtrafficvolumesto
correct for differences in noise emissions between vehicle classes. Each weighting factor describes the
relationshipbetweenthecostspervehicleͲkilometreforagivenvehicleclassandthecostspervehicleͲkilometre
for a vehicle class taken as a reference (usually passenger car). Based on this relationship and using the
equationspresentedinSection3.1,theweightingfactorforavehicleclassiandatimeperiodT(eT,CATi)canbe
expressedasfollows:
்݁ǡ஼஺்௜ ൌ
ܰܥ்ܸ ǡ஼஺்௜
ܰܥ்ܸ ǡ஼஺்௥௘௙
ൌ ்ܹǡ஼஺்௜
ή ்ܳǡ஼஺்௥௘௙
்ܹǡ஼஺்௥௘௙ ή ்ܳǡ஼஺்௜
ൌ ଴ܹǡ஼஺்௜
ή ݒ்ǡ஼஺்௥௘௙
଴ܹǡ஼஺்௥௘௙ ή ݒ்ǡ஼஺்௜
 (20)
Hence, it can be observed that weighting factors for different vehicle classes depend only on the
instantaneoussoundpoweremittedbysinglevehiclesofthedifferentclassesandtheaveragespeedofthese
vehicles.Theinstantaneoussoundpowerdoesnotdependonthetimeofthedayandtheaveragespeedcanbe
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ThesurfacefittingsoftwareTableCurve3D®hasbeenusedtoconverttheseriesofdatapointsshowninFig.
2 foreachvehicle class into simplified surfaceequations.Theweighting factors foreachvehicle class canbe
definedbyrationalfunctionswiththefollowingform:
݁஼஺்௜ ൌ
݌଴ǡ଴ ൅ ݌଴ǡଵ ή ݒ஼஺்௜ ൅ ݌ଵǡ଴ ή ݒ஼஺்௥௘௙ ൅ ݌ଵǡଵ ή ݒ஼஺்௜ ή ݒ஼஺்௥௘௙ ൅ ݌଴ǡଶ ή ݒ஼஺்௜ଶ ൅ ݌ଶǡ଴ ή ݒ஼஺்௥௘௙ଶ
ͳ ൅ ݍ଴ǡଵ ή ݒ஼஺்௜ ൅ ݍଵǡ଴ ή ݒ஼஺்௥௘௙ ൅ ݍଵǡଵ ή ݒ஼஺்௜ ή ݒ஼஺்௥௘௙ ൅ ݍ଴ǡଶ ή ݒ஼஺்௜ଶ ൅ ݍଶǡ଴ ή ݒ஼஺்௥௘௙ଶ
 (22)
ThecoefficientsofEq.(22)havebeencomputedforeachvehicleclassusingthesurfacefittingsoftware.The
coefficientofdetermination (r2)and the standarderror (SE)of theequations foreachvehicleclasshavealso
beencomputed.TheequationcoefficientsandthefitstatisticsareshowninTable2.
Table2
CoefficientsandfitstatisticsofEq.(22)fordifferentvehicleclasses.
Coefficient CAT2 CAT3 CAT4a CAT4b
p0,0 1.088E+01 9.247E+00 2.819E+00 1.571E+00
p0,1 Ͳ5.349EͲ02 Ͳ1.107EͲ01 Ͳ3.888EͲ03 Ͳ9.645EͲ03
p1,0 Ͳ1.161EͲ02 7.633EͲ02 Ͳ3.127EͲ02 Ͳ1.459EͲ02
p1,1 Ͳ3.686EͲ04 Ͳ8.047EͲ04 Ͳ2.035EͲ05 1.444EͲ04
p0,2 1.918EͲ03 3.457EͲ03 2.639EͲ04 Ͳ2.750EͲ05
p2,0 2.135EͲ05 Ͳ2.091EͲ04 1.033EͲ04 1.082EͲ05
q0,1 5.674EͲ03 1.077EͲ02 Ͳ3.718EͲ02 Ͳ2.245EͲ02
q1,0 Ͳ2.580EͲ02 Ͳ5.621EͲ02 4.984EͲ02 1.479EͲ02
q1,1 Ͳ2.150EͲ04 7.427EͲ05 Ͳ5.864EͲ04 Ͳ2.540EͲ04
q0,2 Ͳ2.886EͲ06 Ͳ6.369EͲ05 3.164EͲ04 1.548EͲ04
q2,0 1.504EͲ03 1.312EͲ03 1.222EͲ04 1.319EͲ04
r2 1.000E+00 1.000E+00 1.000E+00 9.980EͲ01
SE 5.225EͲ03 1.194EͲ02 6.796EͲ03 4.075EͲ02
The above weighting factors and their mathematical expressions have been calculated under a set of
reference conditions: (1)constantvehicle speed; (2)a flat road; (3)anair temperatureof20 °C; (4)avirtual
referenceroadsurface,consistingofanaverageofdenseasphaltconcrete0/11andstonemasticasphalt0/11,
between2and7yearsoldand inarepresentativemaintenancecondition;(5)adryroadsurface;(6)avehicle
fleet forwhich thecharacteristicscorrespond to thevalues found for theEuropeanaverage (Peetersandvan
Blokland,2007);and(7)nostuddedtyres.TheCNOSSOSͲEUmodel(Kephalopoulosetal.,2012)includesseveral
correction factors to account for variations in noise emissions due to regional variations in vehicle fleet
characteristics, meteorological conditions, road properties or driving behaviour. The effects of regional
variationshavealsobeen investigatedbyperformingasensitivityanalysisof regionalparameters toestimate
theirinfluenceontheweightingfactors.TheresultsofthesensitivityanalysisareshowninTable3.
It should be noted that regional variations are considered a secondͲorder effect. The acceleration and
decelerationofvehiclesmayhaveasignificanteffect,but it isrestrictedtothevicinityofcrossingswithtraffic
lights and roundabouts.Moreover, theuncertainty in theestimationof acceleration anddecelerationof the
traffic can be higher than the effect on noise emissions.Most of the attention was therefore focused on
developingweighting factors that account for the vehicle classes and speeds in European roads under the
referenceconditions.
Table3
Sensitivityanalysisofregionalparametersinfluencingweightingfactors.
Correctionfactor Referencevalue Variabilityininputs Variabilityinoutputs
Accelerationand
deceleration
|x|ш100m(distancetothe
nearestcrossingwithtraffic
lightsorroundabout)
|x|=100 to50 m eCAT2=0.0%to215.3%
eCAT3=0.0%to202.8%
eCAT4a=0.0%to42.1%
eCAT4b=0.0%to42.1%
Roadgradient s =0%(averageslopealong
theroadsegment)
s =Ͳ1to1% eCAT2=0.0%to16.3%
eCAT3=0.0%to13.6%
eCAT4a=0.0%
eCAT4b=0.0%
Airtemperature T =20°C(yearlyaverageair
temperature)
T =15to25°C eCAT2=Ͳ6.9%to7.4%
eCAT3=Ͳ6.8%to7.2%
eCAT4a=Ͳ8.1%to8.8%
eCAT4b=Ͳ8.1%to8.8%
Studdedtyres ps =0%(yearlyaverage
proportionoflightvehicles
equippedwithstudded
tyres)
ps=0 to10%(30%oflight
vehiclesequippedwith
studdedtyresfrom
December1sttoMarch31st)
eCAT2=0.0%toͲ9.7%
eCAT3=0.0%toͲ9.7%
eCAT4a=0.0%toͲ9.7%
eCAT4b=0.0%toͲ9.7%
3.3.Weightingfactorsfordifferenttimesoftheday
Thetotalnoisecostsperdayandkilometreofroadcanbeallocatedtoindividualvehiclesofdifferentclasses
byusing theweighting factors fordifferentvehicleclassespresented inSection3.2.Thedailynoisecostsper
vehicleͲkilometrethusobtainedforeachvehicleclasscanthenbeconvertedtonoisecostspervehicleͲkilometre
byvehicleclassandtimeoftheday.Tothisend,weightingfactorsfordifferenttimesofthedaymustbeapplied
to account for differences in impacts of noise emissions between times of the day. Each weighting factor
describestherelationshipbetweenthecostspervehicleͲkilometreforagiventimeofthedayandthedailycosts
pervehicleͲkilometre (i.e. thecosts for thedayͲeveningͲnightperiod).Thus, theweighting factor foravehicle
classiandatimeperiodT(fT,CATi)canbeexpressedasfollows:
்݂ ǡ஼஺்௜ ൌ
ܰܥ்ܸ ǡ஼஺்௜
ܰܥ ௗܸ௘௡ǡ஼஺்௜
 (23)
BasedonthisrelationshipandusingtheequationspresentedinSection3.1,theratiosbetweentheweighting
factorsfordifferenttimesofthedayareexpressedasfollows:
௡݂௜௚௛௧ǡ஼஺்௜
ௗ݂௔௬ǡ஼஺்௜
ൌ
ܰܥ ௡ܸ௜௚௛௧ǡ஼஺்௜
ܰܥ ௗܸ௔௬ǡ஼஺்௜
ൌ
ͳͲ
ଵ଴
ଵ଴ ή ௡ܹ௜௚௛௧ǡ஼஺்௜ ή ܳௗ௔௬ǡ஼஺்௜
ௗܹ௔௬ǡ஼஺்௜ ή ܳ௡௜௚௛௧ǡ஼஺்௜
ൌ
ͳͲ
ଵ଴
ଵ଴ ή ݒௗ௔௬ǡ஼஺்௜
ݒ௡௜௚௛௧ǡ஼஺்௜
 (24)
௘݂௩௘௡௜௡௚ǡ஼஺்௜
ௗ݂௔௬ǡ஼஺்௜
ൌ
ܰܥ ௘ܸ௩௘௡௜௡௚ǡ஼஺்௜
ܰܥ ௗܸ௔௬ǡ஼஺்௜
ൌ
ͳͲ
ହ
ଵ଴ ή ௘ܹ௩௘௡௜௡௚ǡ஼஺்௜ ή ܳௗ௔௬ǡ஼஺்௜
ௗܹ௔௬ǡ஼஺்௜ ή ܳ௘௩௘௡௜௡௚ǡ஼஺்௜
ൌ
ͳͲ
ହ
ଵ଴ ή ݒௗ௔௬ǡ஼஺்௜
ݒ௘௩௘௡௜௡௚ǡ஼஺்௜
 (25)
Hence,itcanbeobservedthatratiosbetweentheweightingfactorsfordifferenttimesofthedaydependon
theaveragespeedofthevehiclesforeachtimeperiod.Asmentionedabove,theaveragespeedcanbeassumed
tobethesameforalltimeperiods,thusresultinginconstantratiosbetweentheweightingfactorsforthesame
vehicleclass,asexpressedbelow:
௡݂௜௚௛௧ǡ஼஺்௜ ൌ ͳͲ
ଵ଴
ଵ଴ ή ௗ݂௔௬ǡ஼஺்௜ (26)
௘݂௩௘௡௜௡௚ǡ஼஺்௜ ൌ ͳͲ
ହ
ଵ଴ ή ௗ݂௔௬ǡ஼஺்௜ (27)
TheconstantsinEq.(26)andEq.(27)arisefromtheformulathatdefinesthenoiseindicatorLden(seeEq.(4)),
whichwasdevised to take into account the impactof timeof theday.This indicatoruses aweightednoise
measurethatincreaseseveningnoiseby5dBAandnightnoiseby10dBA.Thesepenaltiesfordifferenttimesof
theday,whenexpressedintermsofsoundpower(seeEq.(8)),leadtotheaforementionedconstants.
Itcanalsobedemonstratedthatweightingfactorsfordifferenttimesofthedayarethesameforallvehicle
classes,asfollows:
்݂ ǡ஼஺்௜
்݂ ǡ஼஺்௥௘௙
ൌ
ܰܥ்ܸ ǡ஼஺்௜
ܰܥ்ܸ ǡ஼஺்௥௘௙
ή
ܰܥ ௗܸ௘௡ǡ஼஺்௥௘௙
ܰܥ ௗܸ௘௡ǡ஼஺்௜
ൌ ݁஼஺்௜ ή
ͳ
݁஼஺்௜
ൌ ͳ (28)
Moreover,inordertocoverthetotalnoisecosts,thefollowingequationmustbesatisfied:
෍ ܣܦ ஼ܶ஺்௜ ή ܰܥ ௗܸ௘௡ǡ஼஺்௜ ൌ෍ ෍ ܣܦ ்ܶǡ஼஺்௜ ή ܰܥ்ܸ ǡ஼஺்௜
்௜௜
 (29)
where ADTCATi is the average daily traffic for the vehicle class i during the dayͲeveningͲnight period (in
veh/day)andADTT,CATiistheaveragedailytrafficforthevehicleclassiduringthetimeperiodT(inveh/day).Eq.
(29)canbedevelopedtoobtainanadditionalrelationshipbetweentheweightingfactorsfordifferenttimesof
theday,asshownbelow:
෍ ݁஼஺்௜ ή ܣܦ ஼ܶ஺்௜ ൌ෍ ෍ ܣܦ ்ܶǡ஼஺்௜ ή ݁஼஺்௜ ή ்݂
்௜௜
 (30)
TheweightingfactorsfordifferenttimesofthedaycanbederivedbycombiningEq.(30)withEq.(26)and
Eq.(27).Theweightingfactorsthusobtainedareexpressedasfollows:
ௗ݂௔௬ ൌ
σ ݁஼஺்௜ ή ൫ͳʹ ή ܳௗ௔௬ǡ஼஺்௜ ൅ Ͷ ή ܳ௘௩௘௡௜௡௚ǡ஼஺்௜ ൅ ͺ ή ܳ௡௜௚௛௧ǡ஼஺்௜൯௜
σ ݁஼஺்௜ ή ൬ͳʹ ή ܳௗ௔௬ǡ஼஺்௜ ൅ Ͷ ή ͳͲ
ହ
ଵ଴ ή ܳ௘௩௘௡௜௡௚ǡ஼஺்௜ ൅ ͺ ή ͳͲ
ଵ଴
ଵ଴ ή ܳ௡௜௚௛௧ǡ஼஺்௜൰௜
 (31)
௘݂௩௘௡௜௡௚ ൌ
σ ݁஼஺்௜ ή ൫ͳʹ ή ܳௗ௔௬ǡ஼஺்௜ ൅ Ͷ ή ܳ௘௩௘௡௜௡௚ǡ஼஺்௜ ൅ ͺ ή ܳ௡௜௚௛௧ǡ஼஺்௜൯௜
σ ݁஼஺்௜ ή ൬ͳʹ ή ͳͲି
ହ
ଵ଴ ή ܳௗ௔௬ǡ஼஺்௜ ൅ Ͷ ή ܳ௘௩௘௡௜௡௚ǡ஼஺்௜ ൅ ͺ ή ͳͲ
ହ
ଵ଴ ή ܳ௡௜௚௛௧ǡ஼஺்௜൰௜
 (32)
௡݂௜௚௛௧ ൌ
σ ݁஼஺்௜ ή ൫ͳʹ ή ܳௗ௔௬ǡ஼஺்௜ ൅ Ͷ ή ܳ௘௩௘௡௜௡௚ǡ஼஺்௜ ൅ ͺ ή ܳ௡௜௚௛௧ǡ஼஺்௜൯௜
σ ݁஼஺்௜ ή ൬ͳʹ ή ͳͲି
ଵ଴
ଵ଴ ή ܳௗ௔௬ǡ஼஺்௜ ൅ Ͷ ή ͳͲି
ହ
ଵ଴ ή ܳ௘௩௘௡௜௡௚ǡ஼஺்௜ ൅ ͺ ή ܳ௡௜௚௛௧ǡ஼஺்௜൰௜
 (33)
4.Casestudy
A case study ispresentedhere inorder to illustrate theapplicationof the improvedweighting factors to
calculatetheexternalcostsofroadtrafficnoise.Thecalculationmethodusedinthecasestudyismorecomplete
thanthemethodoftheEurovignetteDirective (EuropeanUnion,2011)because itallowscalculating thenoise
costsofvariousvehicleclasses(passengercarsandHGVs)forthreetimeperiods(day,eveningandnight).The
averagenoisecostspervehicleͲkilometrebyvehicleclassand timeof thedaywere thuscalculated for three
differentSpanishmotorways (Fig.3).Data from strategicnoisemaps for these roads for theyear2006were
used as inputs for the calculations. The strategic noisemapswere obtained from the Spanish Information
System onNoise Pollution (SpanishMinistry of Agriculture, Food and Environment, 2007). Traffic and noise
exposuredatausedforthecalculationsareshowninTable4andTable5.
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HEATCOproject(Bickeletal.,2006).TheHEATCOvalueswereadjustedtoyear2006forpurchasingpowerparity
(i.e.thevalueswereexpressedas€2006PPP)andwerebundledin5dBAintervalsasshowninTable6.
Table6
NoisecostsforSpainperyearperpersonexposedtoroadtrafficnoise.
NoiselevelsLdenby5dBAintervals Noisecostsperyearperpersonexposed
(€2006PPP/person/year)
55Ͳ60 58
60Ͳ65 99
65Ͳ70 141
70Ͳ75 226
75Ͳ80 303
Theweightingfactorsfor lightvehicles(CAT1)arealways1becausetheyaretakenasthereferencevehicle
class.Theweightingfactorsforheavyvehicles(CAT3)werecalculatedaccordingtothevehiclespeedsbyusing
Eq. (22).Theweighting factors fordifferent timesofthedaywerecalculatedaccording tothe traffic flowsby
vehicleclassandtimeofthedaybyusingEq.(31)toEq.(33).Theweightingfactorsbothfordifferentvehicle
classesandfordifferenttimesofthedayareshowninTable7.
Table7
Weightingfactorsfordifferentvehicleclassesandtimesofthedayfortheroadsunderstudy.
Roadname Weightingfactorsfordifferentvehicleclasses: eCATi Weightingfactorsfordifferenttimesoftheday:fT
Lightvehicles(CAT1) Heavyvehicles(CAT3) Day Evening Night
APͲ7North 1.00 2.02 0.39 1.24 3.92
APͲ7South 1.00 2.02 0.44 1.39 4.40
APͲ4 1.00 2.02 0.44 1.41 4.44
Noiseexposuredatawerecombinedwithnoisecostsperdayperpersonexposedtocalculatethetotalnoise
costs.Data on traffic flows by vehicle class andweighting factors for different vehicle classeswere used to
translate the totalnoise costs into the averagenoise costsper vehicleͲkilometreby vehicle class.Weighting
factorsfordifferenttimesofthedaywereappliedtodeterminetheaveragenoisecostspervehicleͲkilometreby
vehicleclassandtimeoftheday.Thetotalandaveragenoisecostsforeachoftheroadsstudiedareshownin
Table8.
Table8
Totalandaveragecostsoftrafficnoisefortheroadsunderstudy.
Roadname Totalnoisecosts:NCden
(€2006PPP/km/day)
Averagenoisecosts:NCVT,CATi (€ct2006 PPP/vehicleͲkm)
Lightvehicles(CAT1) Heavyvehicles(CAT3)
Day Evening Night Day Evening Night
APͲ7North 23.30 0.028 0.088 0.279 0.056 0.178 0.563
APͲ7South 55.72 0.065 0.205 0.648 0.131 0.414 1.309
APͲ4 14.30 0.023 0.074 0.233 0.047 0.149 0.471
5.Discussion
Theweightingfactorsdevelopedhereallowthecalculationoftheexternalcostsofroadtrafficnoisewithin
the framework of the Eurovignette Directive (European Union, 2011). These factors have a high level of
differentiation inordertoprovidereliablenoisecostsofvariousvehicleclassesfordifferenttimesoftheday.
The benefits of these factors can be exposed by comparing them with those found in previous work.
DifferentiatedweightingfactorsforawiderangeofvehicleclassesareavailablefromCEDelft(vanEssenetal.,
2004),buttheseonlydistinguishtwotypesofroad:urbanroads,wherethespeedis50km/h;andotherroads,
where the speed is80km/horhigher (seeTable1).A single setofweighting factors isgivenbyCEDelft for
variousvehicleclassestravellingonurbanroads.However,the factors forurbanroadsmaybehighlyvariable
because they are subject to large variations in regional parameters (e.g. acceleration and deceleration) that
influencethem(seeTable3).Althoughurbanroadsareoutsidethescopeofthisstudy,sincetheEurovignette
Directivedoesnotapplytothem,itshouldbenotedthatimprovedfactorsforurbanroadscouldbeobtainedby
taking regional variations into account (provided that their values are known) with a suitable traffic noise
emissionmodel.AnothersinglesetofweightingfactorsisgivenbyCEDelftforvariousvehicleclassestravelling
onotherroads,whichincludebothsuburbanandinterurbanroadstowhichtheEurovignetteDirectiveapplies.
Thesamefactorsarethusappliedtosuburbanand interurbanroads,ormoregeneraltoallroadsclassifiedas
otherroads, i.e.roadswherethespeed is80km/horhigher.However,weightingfactors fordifferentvehicle
classesvarydependingonthespeedofthevehicles.Totakethisvariabilityintoaccount,thefactorsdeveloped
hereinaredifferentiatedaccordingtothespeedsofthevehicles(seeEq.(22)).Moreover,theweightingfactors
fordifferent vehicle classes givenbyCEDelft are specific for theNetherlands,while factors for the average
Europeanroadvehicleswouldbemoreconvenient.The factorsdevelopedherearebasedonthetrafficnoise
emissionmodelCNOSSOSͲEU(Kephalopoulosetal.,2012),whichprovidesnoiseemissionvaluesfortheaverage
Europeanroadvehicles.ThesefactorscanthereforeberegardedasEuropeanaveragevalues,thusbeingmore
suitable to be generalized to any road in Europe.With respect to differentiation according to time period,
weighting factors for different times of the day are not available from previous work. Some studies have
estimatedmarginalnoisecostsfordifferenttimesofthedaybasedonspecificcasestudies(Bickeletal.,2003;
Nashandpartners,2003;MüllerͲWenkandHofstetter,2003;Schreyeretal.,2004).However,theresultsofcase
studies are hardly transferable to any European road becausemarginal noise costs are sensitive to existing
trafficflows.Toovercomethislimitation,theweightingfactorsfordifferenttimesofthedaydevelopedherein
areexpressedasa functionof the traffic flowsbyvehicleclassand timeof theday (seeEq. (31) toEq. (33)).
These factorsdistinguish three timeperiods,namelyday, evening andnightperiods,while the Eurovignette
Directiveandtheaforementionedstudiesonlydistinguishdayandnightperiods.The inclusionoftheevening
periodispreferablesincenoiseeffectsduringeveningaredifferentfromnoiseeffectsduringdayornight.The
factors provided here are therefore more reliable than those found in earlier studies, as they are highly
differentiatedtobetteraccountfortheinfluenceofkeycostdrivers,namelyvehicleclass,speedandtimeofthe
day. Inaddition tokeycostdrivers, thereare some regionalparameters thatmayhave significanteffectson
weighting factors (seeTable3).TheCNOSSOSͲEUmodel includes correction factors to take intoaccount the
variationsinregionalparameters.SiteͲspecificweightingfactorscouldthusbeobtained,althoughdatarequired
forthecalculationsarescarce,especiallywhenatopͲdownapproachisapplied.
Thelackofdifferentiationaccordingtovehiclespeedintheweightingfactorsprovidedinearlierstudiescan
leadtoamisjudgementofthenoisecostsattributabletovehiclesofdifferentclasses.Iftheweightingfactorsfor
differentvehicleclassesgivenbyCEDelft(vanEssenetal.,2004)hadbeenused inthecasestudy insteadthe
improvedfactors,theerrorinvolvedwouldhavevariedfromͲ37.36toͲ24.27%forthecostofonepassengercar
andfrom30.24to57.46%forthecostofoneHGV,dependingontheroadassessed.Therefore,thechargesto
bebornebyHGVswouldhavebeenhighlyoverestimated in thiscase,whichwouldhavenotbeenconsistent
withthepolluterpaysprinciplethatshouldguidethechargingfortheuseofroadinfrastructure.Itshouldalso
benotedthatabottomͲupapproachwasappliedinthecasestudyinsteadofatopͲdownapproachasstatedby
theEurovignetteDirective(EuropeanUnion,2011).Asaresult,significantdifferenceswereobservedbetween
theaveragenoisecostsforthedifferentroadsassessed(seeTable8);thecostsforAPͲ7Southweremorethan
doublethecosts forAPͲ7Northandalmosttriplethecosts forAPͲ4.Thesedifferencescouldhavebeeneven
greaterifthevehiclespeedshadbeendifferentforeachroad.IfatopͲdownapproachhadbeenappliedinthe
casestudy, theaveragenoisecostswouldhavebeen thesame forall roadsassessed,whichwouldhavealso
beeninconsistentwiththepolluterpaysprinciple.ThebottomͲupapproachisbetterfromatheoreticalpointof
view,sinceittakesintoaccountlocalfactorsthatdirectlyinfluencethesizeofnoisecosts(e.g.trafficconditions
andpopulationdensityclose to the road).Despite this, thebottomͲupapproachhasnotbeenwidelyapplied
because it has usually requiredmore data and time. However, the lack of data has been resolved by the
publicationofthestrategicnoisemapsrequiredbytheEnvironmentalNoiseDirective (EuropeanCommission,
2002).EUMemberStatesareobligedtoperiodicallyprovidetrafficdataandmapsonnoiseexposureforalltheir
majorroads.AbottomͲupapproachcouldthusbeappliedtocalculatethenoisecostsforeachmajorroadbased
ondatafromstrategicnoisemapsandapplyingtheweightingfactorsdevelopedhere.Infact,thecalculationof
externalcostofroadtrafficnoisecouldbecomepartoftheactionplansthattheEnvironmentalNoiseDirective
requiresEUMemberStatestoadopt.
6.Conclusions
TheEurovignetteDirective(EuropeanUnion,2011)providesamethodtocalculatetheexternalcostsofroad
traffic noise. Thismethod requires the use ofweighting factors for different vehicle classes to account for
differencesinnoisecostsbetweenvehicleclasses.Theuseofweightingfactorsfordifferenttimesofthedayis
alsorequiredtodistinguishbetweennoisecostsfordayandnightperiods.However,theEurovignetteDirective
doesnotprovide specific valuesorguidelines to calculate theseweighting factors,and research findingsare
scarce and do not seem to be clearly substantiated. For this reason, improved weighting factors both for
differentvehicleclassesandfordifferenttimesofthedayhavebeendevelopedherein.Thesefactorsaremore
reliablethanthosefoundinpreviousstudies,astheyarehighlydifferentiatedtobetteraccountfortheinfluence
ofkeycostdrivers,namelyvehicleclass,speedandtimeoftheday.OthersecondͲordercostdriversthatmay
influenceweighting factors could be taken into accountwith a suitable traffic noise emissionmodel.Unlike
weightingfactorsgiveninearlierstudies,theimprovedfactorscanberegardedassuitabletobegeneralizedto
anyroadinEurope.ThemethodoftheEurovignetteDirectivehasbeenextendedtovehicleclassesotherthan
HGVsbyapplyingtheweightingfactorsprovidedhere.Likewise, ithasbeenextendedtoconsidernotonlythe
dayandnightperiodsbutalsotheeveningperiod.
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